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Development of DSRC/WAVE Standards

1.0
Introduction



WAVE introduces enhancements to IEEE Std 802.11™ in order to support communications with:

· Short latency (approximately 100 microseconds to 50 milliseconds)

· Ranges from one meter up to 1000 meters

· WAVE devices installed in vehicles operating at speeds up to 200 km/h.

· Multipath and Doppler shift (typically encountered by a STA mounted on a vehicle operating on a roadway with other vehicles and traveling in urban, suburban, and rural terrain)

The goal of WAVE is to provide seamless, interoperable services to transportation. These services include vehicle-to-roadside as well as vehicle-to-vehicle communications described in the US National Intelligent Transportation Systems (ITS) Architecture and others contemplated by the automotive and transportation infrastructure industries. Many of the applications envisioned for WAVE are designed to improve vehicle safety. This is the basis for the US Federal Communications Commission (FCC) allocating a licensed 5.9 GHz band for Dedicated Short Range Communications (DSRC), now termed WAVE operations.
To simplify interoperability between different automobile manufacturers for WAVE-based Intelligent Transportation Systems (ITS) applications, the entire protocol suite is being standardized. The layers above the PHY and MAC are outside the scope of IEEE Std 802.11™ and are mentioned here to provide a more complete description of how P802.11p relates to a WAVE system. While these upper layers are part of the overall WAVE system architecture, there is no intent to limit the P802.11p operation to these higher layers. The P802.11p standards may be used by different protocols and services of layers above that of IEEE Std 802.11™.

The WAVE system concept was developed after reviewing hundreds of potential applications ranging from various forms of collision avoidance techniques to entertainment. Most of these applications required communications capabilities that could not be met with existing technologies. (See 11-05-0445-00-000p-TGp Overview.ppt. and 11-05-0446-000p-wave-operational-concepts.ppt.) An ASTM DSRC (WAVE) standards development activity resulted in the publication of ASTM E2213-03 which incorporated IEEE P802.11a after a test and analysis effort demonstrated it most closely met the require​ments.  This ASTM effort also resulted in formal rules by the US Federal Communications Commission for the use of the 5 GHz ITS Radio Service band within the United States.

NOTE—ASTM. E2213-03 is available from the American Society for Testing and Materials (ASTM) International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA, 19428-2959 USA.  Their website is: www.astm.org.
The STA located on the roadside or above the roadway is called the Road-Side-Unit (RSU) and the STA mounted onboard the vehicle is called the On-Board-Unit (OBU) as shown in Figure 1. A common requirement for WAVE systems is that the communications are highly localized. An example of usage is at a toll collection station, where the communication zone is designed to be less than the length of a single car to assure that vehicles are charged only once. Next generation toll collection systems are open road tolling (no toll booths) with vehicles trav​eling at speeds of up to 200 km/h. The complete transaction must be completed in less than 100 ms, which demands very low latency. Low latency is also required for other applications such as collision avoidance and miti​gation at intersections. Typically, an IEEE Std 802.11™ association is measured in seconds, not millisec​onds, so some new “fast association” capability is required. This has lead to the development of an alternative to the traditional usage of a beacon to initiate an association leading to the formation of a BSS.
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Figure 1— Relationship between roadside and on-board STAs.

For many anticipated WAVE applications, for example, collision avoidance, there is also the need for vehicles to communicate with each other directly. This can involve a very large number (hundreds) of vehicles that are within range and interacting, with new vehicles entering and leaving the communication zone of any one vehicle every second. Additional information summarizing various operational scenarios and how they impact WAVE require​ments was presented in document 11-04-0121-00-wave-wave-background-information.ppt. 
The PHY requirements of a WAVE system were satisfied in part by P802.11a. Considerable simulation and testing verified this ability and identified additional functionality required to obtain the levels of reliability and Quality-of-Service to support the WAVE system requirements. The following presentations and reports have been posted and clarify what worked “as is”, what needed modification, and what else was needed.
11-04-0142-00-wave-wave-high-speed-testing.ppt
11-04-0143-00-wave-wave-adjacent-channel-rejection.ppt
11-04-0141-00-wave-wave-vehicle-to-vehicle-channel-modeling.ppt
11-04-0134-01-wave-overview-previous-analysis-wave.ppt
11-04-0793-01-wave-wave-concepts-update-proposed-document-additions.ppt
11-05-0217-00-000p-wavereceivedsignalstrength.ppt
11-05-0216-00-000p-wavereceivedsignalstrength.ppt
11-05-0446-00-000p-WAVE Operational Concepts.ppt
11-05-0754-03-000p-wrss-presentation.ppt
11-05-1178-00-000p-WAVEChanModel.doc
11-05-1176-00-000p-WAVE Motion Related Channel Model.ppt
11-06-0762-00-000p-wrss-recommendations.ppt
11-06-1017-02-000p-wave-motion-related-channel-model-development.ppt
11-06-1534-00-000p-congestion-control-in-ieee-802-11p.ppt
11-06-1724-01-000p-WAVE Channel Model.doc
11-06-1827-01-000p-wave-channel-model-information.doc
11-06-1825-01-000p-regulatory-measurement-language-change.doc
11-06-1796-02-000p-wording-change-spectral-mask-measurements.doc
11-07-0449-00-000p-gatech-discussion-points.ppt
11-07-0385-00-000p-coexistence-10-mhz-and-20-mhz-channels-in-wave.doc
In addition to these IEEE Std 802.11™ submissions, there are a number of other reports and presentations related to WAVE that were developed in the IEEE P1609 Standards Working Group, which is responsible for the layers above the MAC and thus are not part of the IEEE 802.11 TGp.
2.0
General description 

WAVE provides a communication protocol suite optimized for the vehicular environment, employing both customized and general-purpose elements.  The components of the system, as defined in standards, are shown in Figure 2.  
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Figure 2— WAVE standards 

IEEE Std 1609.1™-2006 describes the services and interfaces, including security and privacy protection mechanisms, associated with the DSRC Resource Manager operating at 5.9GHz.

IEEE Std 1609.2™-2006 specifies a range of security services for use in the WAVE environment including:

· Secure message formats and processing of secure messages, within the DSRC/WAVE system

· Methods for securing WAVE management messages and application messages, with the exception of anonymity-preserving vehicle safety messages

· Administrative functions necessary to support the core security function

IEEE Std 1609.3™-2007 defines services, operating at the network and transport layers, in support of wire​less connectivity among vehicle-based devices, and between fixed roadside devices and vehicle-based devices using the 5.9 GHz WAVE mode. This includes the management of the WAVE BSS (WBSS).

IEEE Std 1609.4™-2006 describes multi-channel wireless radio operations that use the IEEE P802.11p, WAVE mode, medium access control and physical layers including the operation of control channel and service channel interval timers, parameters for priority access, channel switching and routing, management services, and primitives designed for multi-channel operations.
The following sections are repeated from the published IEEE 1609 standards that will use 802.11 p at the physical and data link layers for ITS applications, and are independent of 802.11. 

3.0 WAVE system attributes

This subclause describes important aspects of the WAVE system, which may be used as a base for better understanding the material in subsequent clauses.
3.1
Channel types

For the purposes of this standard, WAVE distinguishes between two classes of radio channel: a single con​trol channel (CCH), and multiple service channels (SCH). By default, WAVE devices operate on the control channel, which is reserved for short, high priority, application and system control messages. Service channel visits are arranged between devices via a WBSS in support of general-purpose application data transfers.  See IEEE Std 1609.4™-2006 for more information.

3.2
Communication protocols

WAVE provides two protocol stacks: standard Internet Protocol (IPv6) and the unique WAVE Short Mes​sage Protocol (WSMP) designed for optimized operation in the WAVE environment. WAVE short mes​sages (WSMs) may be sent on any channel. IP traffic is allowed only on SCHs. In addition to these traffic types, system management frames are sent on the CCH as described in IEEE Std 1609.4™-2006.

WSMP allows applications to directly control physical characteristics, e.g., channel number and transmitter power, used in transmitting the messages. A sending application must also provide the MAC address of the destination device, including the possibility of a broadcast address.  WSMs are delivered to the correct appli​cation at a destination based on Provider Service Identifier (PSID) (essentially the Application Service Access Point) which is a globally unique value managed by the IEEE Registration Authority. The PSID is used not only for internal routing with a device, but also so that devices entering a new communication zone can very rapidly (using only the data contained within an announcement message) know if there is a peer application of interest present. WSMs are designed to consume minimal channel capacity, so are allowed on both the CCH and SCHs.  

3.3
Communication service types

Applications may choose to send their traffic in the context of a WAVE BSS (WBSS), or not. If they do not employ a WBSS, their communication options are limited to WSMs sent on the CCH. Participating on a WBSS allows applications to use either WSM or IP traffic on the SCH associated with that WBSS.  Partici​pating devices periodically visit the designated SCH in order to exchange data.
A WBSS is established to support traffic to/from specific applications, and its presence announced for other devices with compatible applications to join. A persistent WBSS is announced periodically, and could be used to support an ongoing service of indefinite duration, such as general Internet access.  A non-persistent WBSS is announced only on WBSS initiation, and might be used to support a WBSS with limited duration. 
Operation on one WBSS consumes the resources of one device PHY.  More on the use of WBSS in WAVE is found in IEEE Std 1609.4™-2006.  

3.4
Device WBSS roles

Devices may take the role of either provider or user on a given WBSS; this is determined by the role chosen by the application operating through the device.  The provider device generates the announcements that inform other devices of the existence of the WBSS, and the presence of the associated application service(s).  The user role is assumed by any devices that join the WBSS based on receipt of the announcement. A device may change roles as it participates on different WBSSs over time. The terms provider and user do not imply any particular behavior of the applications once the WBSS is initiated or joined.
3.5
Priorities

The concept of priority is used in multiple ways. Applications have an application priority level, which is used by Networking Services to help decide which applications have first access to the communication ser​vices, e.g., which application's WBSS to announce/join in case of a conflict. In addition, the lower layers use a separate MAC transmission priority to prioritize packets for transmission on the medium.  IP packets are assigned the MAC priority associated with the traffic class of the generating application. The MAC priority for WSM packets is assigned by the generating application on a packet by packet basis. Any relationship between application and transmission values is within the application, and outside the scope of this standard.  See IEEE Std 1609.4™-2006 for more on MAC transmission priority. 

3.6
Channel coordination

WAVE channels are coordinated based on sync intervals that are synchronized using a common system time base preferably generated by a global time reference (e.g., UTC/GPS).  A sync interval is composed of a CCH interval followed by an SCH interval.  During the CCH interval, all devices monitor the CCH.  Devices participating in a WBSS will utilize the SCH designated for that WBSS during the SCH interval.  See IEEE Std 1609.4™-2006 for more information. 

3.7
WBSS initiation

This subclause provides a description of WBSS initiation from the application perspective, and ignores some of the detailed processing at lower layers, such as addressing, security credentials, and time synchroni​zation verification.  A WBSS is triggered by a provider application via a request to the WAVE Management Entity (WME, defined in IEEE Std 1609.3™-2007) using WME-Application.request. The request specifies the persistence, the MAC address (which may be unicast or broadcast) of the intended recipient devices(s), the number of announcement repetitions, and the SCH to be used.  (Optionally, it may direct the WME to choose the "best available" SCH.) These WBSS parameters are transmitted in a WAVE Announcement, in the Provider Service Table component of the WAVE Service Information Element (WSIE). See IEEE Std 1609.3™-2007 for more information. 

On receipt of an announcement, the receiving WME checks whether a provider application, defined by the PSID in the announcement, is of interest to any locally registered user applications. When a match is found (and assuming the WME's check of credentials, priority, etc., are satisfied), the WME will take one of two actions, depending again on an application registration parameter.  In the simple case, the WME will gener​ate the necessary MAC primitives to cause the local device to join the WBSS, i.e., to tune to the correct SCH at the correct time, and to set any other lower layer configuration appropriately to support the communica​tions.  Alternately, if the application has chosen, it must confirm the joining of the WBSS.  This gives the user application an additional level of control, for example allowing it to decline to participate in a service if it has recently accomplished any objectives it might have on that WBSS.  Upon decision to join, the WME sends a notification to the local application.  

The announcement is the only WAVE message sent over-the-air when setting up a WBSS; there is no lower-layer over-the-air coordination used to confirm the WBSS initiation. 

4.0 ITS Activities

The Intelligent Transportation System (ITS) program was created by Congress in the Intermodal Surface Transportation Efficiency Act of 1991, and is administered by the US Department of Transportation (DOT). The program uses advanced electronics to improve traveler safety, decrease traffic congestion, facilitate the reduction of air pollution, and conserve vital fossil fuels.

ITS improves transportation safety and mobility and enhances productivity through the use of advanced communications technologies. Intelligent transportation systems (ITS) encompass a broad range of wireless and wire line communications-based information and electronics technologies.  When integrated into the transportation system's infrastructure, and in vehicles themselves, these technologies relieve congestion, improve safety and enhance American productivity.  

ITS is made up of 16 types of technology based systems. These systems are divided into intelligent infrastructure systems and intelligent vehicle systems. 

For more information about ITS please visit:  http://www.itsoverview.its.dot.gov/
One of the key initiatives within the Federal ITS program is the National ITS Architecture. The National ITS Architecture is the definitive framework that will guide deployment of intelligent transportation systems in the U.S. for the next 20 years or more. The latest version of the National ITS Architecture is Version 6.0.  The details of the National ITS Architecture can be found on their web site:  http://www.its.dot.gov/arch/index.htm.

The National ITS Architecture web site has been updated with new features that enhance the architecture definition. The principal changes include increasing consistency with the Vehicle Infrastructure Integration (VII) initiative, added support for additional DSRC applications, and updates addressing CVISN, the Clarus initiative, the Border Information Flow Architecture, transit, and incident management standards.

5.0 FCC Activities

The US Federal Communications Commission’s goal is to implement widespread deployment of DSRC systems in the 5.9 GHz ITS Radio Service band in order to promote the safety of life and property of the traveling public and to improve the efficiency of the nation’s surface transportation infrastructure.

5.1
FCC Rule Making

Pursuant to the Transportation Equity Act for the 21st Century, the FCC, in consultation with the US DOT, allocated the 5.850-5.925 GHz band to DSRC in October 1999.  On November 7, 2002, the Commission adopted a Notice of Proposed Rule Making (NPRM)  seeking comment on proposed DSRC service rules in the 5.9 GHz band, and on December 17, 2003, it adopted the DSRC service rules.

To promote the widespread use and evaluation of intelligent vehicle-highway systems technology, the Commission in the DSRC Report and Order FCC 03-0324 adopted the ASTM E2213-03 Standard (ASTM-DSRC), which was supported by most commenters and which had been developed under an accredited standard setting process.[See Note] To achieve interoperability, allow open eligibility, and encourage the development of a market for equipment that will meet the needs of public safety DSRC licensees, the rules adopted by the Commission require all DSRC operations in the 5.9 GHz band to comply with the ASTM-DSRC standard. DSRC Roadside Units (RSUs) (i.e., communication units that are fixed along the roadside) are licensed under Part 90 Subpart M of the Commission’s rules (“Intelligent Transportation Systems Radio Service”). On-Board Units (OBUs) (i.e., in-vehicle communications units) are licensed by rule under new Subpart L of Part 95 of the Commission’s Rules.  Licensees receive non-exclusive geographic-area licenses authorizing operation on seventy of the seventy-five megahertz of the 5.9 GHz band. 

Note─See American Society for Testing and Materials (ASTM), Standard Specification for Telecommunications and Information Exchange Between Roadside and Vehicle Systems – 5 GHz Band Dedicated Short Range Communications (DSRC) Medium Access Control (MAC) and Physical Layer (PHY) Specifications, Designation: E 2213-03 (published September 2003) (ASTM-DSRC Standard).

5.2
DSRC-related Documents

Federal Communications Commission FCC 03-324,  “Amendment of the Commission’s Rules Regarding Dedicated Short-Range Communication Services in the 5.850-5.925 GHz Band (5.9 GHz Band)” 

Federal Communications Commission FCC 06-110, “Amendment of the Commission’s Rules

Regarding Dedicated Short-Range Communication Services in the 5.850-5.925 GHz Band (5.9 GHz Band)” 

To download the DSRC-related FCC documents go to their website:


http://hraunfoss.fcc.gov/edocs_public/SilverStream/Pages/edocs.html
For example, to download the original FCC Report and Order for DSRC try the following site:

     http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-03-324A1.pdf
6.0 DIC Activities

The DSRC Industry Consortium (DIC) was created by the USDOT/FHWA to develop, build, test, and demonstrate prototype WAVE (formerly DSRC) devices based on IEEE P1609, IEEE P802.11p/ASTM E 2213-03, and IEEE P802.11e and IEEE P802.11h standards.  The prototype devices were used to prove the IEEE standards. The documentation of this effort includes a detailed description of the following: 

• WAVE architecture model containing the management and data planes

• The role of Management Entities and their relationship with the OSI (and TCP/IP) protocol stack

• Beacon transmission by RSU and service table exchange process on the OBU

• Control and Service channel switching mechanism

• Use of SNMP to configure and manage the RSU and OBU

• Mechanism for assigning and configuring IPv6 addresses to interfaces of RSU and OBU

• Routing and forwarding mechanism used for application execution (data flow)

• User scenarios connecting the various components of the architecture

The DIC is comprised of a number of companies actively involved with the development of the DSRC/WAVE standards including: Highway Electronics, Mark IV, TransCore, Raytheon, Sirit, and contractual oversight by ARINC, Inc.  The individual companies contributed to the prototype development in the following ways:

	Company
	
	Responsibilities

	Highway Electronics
	
	Overall Program Management

	Mark IV
	
	RSU and OBU Hardware

Software Implementation of preliminary standards

Support  testing and integration

Documentation

	TransCore
	
	Software implementation of preliminary standards

Development and manufacture of Radio board

Software implementation of MAC firmware

Delivery of the software package for the OBU and RSU

Support  testing and integration

Documentation

	Raytheon
	
	Development & modeling of the Standards

Oversight of prototype development

	Sirit
	
	Design and develop test setup

Identify and recommend test equipment, software programs and tools.

Develop test plan, procedures, and test programs

Support for software, hardware design and integration

System evaluation testing in laboratory and field environments 

Documentation and complete test report 

Conduct final program review

	ARINC
	
	Contractual and program oversight


One of the primary aspects of this program was to provide an initial verification of the DSRC/WAVE standards and feedback to the standards development efforts to ensure that the standards are achievable and viable for the implementation of DSRC/WAVE applications.  The DIC activities have evolved into the support of other related DSRC/WAVE efforts including the Vehicle Infrastructure Integration program.

7.0 VII Activities

In early 2005 the automobile companies formed the Vehicle Infrastructure Integration (VII) Consortium non-profit Corporation. The VII Coalition is currently comprised of three primary partners: the USDOT (FHWA and NHTSA), AASHTO, ten State DOTs, and a group of seven vehicle manufacturers. The major ITS initiative of VII is for crash prevention and congestion relief through Vehicle-to-Vehicle and Vehicle-to-Roadside Communications.  The VII consortium has been established to determine feasibility of widespread deployment and to establish an implementation strategy. Many active participants in the development of DSRC standards are also directly involved with the VII consortium activities.

The Coalition organized into four working groups:

   1. A technical group is focusing on technology issues, such as the VII architecture.

   2. An institutional issues group is looking into such issues as privacy and liability.

   3. A business model group is looking into options for VII deployment, and

   4. An outreach group will organize future meetings as the initiative progresses

The approach of the coalition is:

· To work through issues in the technical, policy, business models, and outreach areas

· To initiate a program to develop DSRC prototypes that will validate DSRC standards and provide equipment for testing elements of the VII concept

· To define a VII test concept and demonstrate value to all parties

The VII initiative will build on the availability of advanced vehicle safety systems developed under the Intelligent Vehicle Initiative (IVI) and on the results of related research and operational tests. The fundamental building blocks of the VII concept are coordinated deployments of communication technologies:

· In all vehicles by the automotive industry

· On all major U.S. roadways by the transportation public sector

For additional information on the VII consortium and its activities see the website:


http://www.its.dot.gov/vii/vii_overview.htm



Abstract


This document introduces the effort that has gone into the development of the DSRC and WAVE standards so far.  The P802.11p amendment is a critical component in the development of communications devices and the applications anticipated in the implementation of DSRC/WAVE. This document identifies many presentations and reports that have been generated in this effort.  A number of websites are also identified that provide additional sources of information related to the overall effort of developing the standards and eventually deploying communication systems to improve traveller safety, efficiency, and productivity.  This effort has been supported by the government, industry, and universities.
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